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[57] AB:_TRACT

A real-time display of tissue ischemia which comprises three
CCD video cameras, each with a narrow bandwidth filter at

the correct wavelength. The cameras simultaneously view

an area of tissue suspected of having ischemie areas through

beamsplitters. The output from each camera is adjusted to

give the correct signal intensity for combining with the

othersintoan image fordisplay. If necessary,a digital sil___
processor (DSP) can implemen! aigo_thms "forim_e .........

enhancement prior to display. Current DSP engines-_K-e-+fast:-
enough to give real-time display. Measurement at three

wavelengths, combined into a real-time Red-Green-Blue

(RGB) video display with a digital signal processing (DSP)

board tO implement image algorithms, provides direct visu-
alization of ischemie areas.

12 ciahns, 3 Drawing Sheets
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REAL-TIME VISUALIZATION OF TISSUE
ISCItEMIA

ORIGIN OF THE INVENTION

The invention described herein was made in the perfor-

mance of work under a NASA contract, and is subject to the

provisions of Public Law 96-517 (35 USC 202) in which the
Contractor has elected not to retain title.

TECHNICAL FIELD

The present invention relates to a system and method for
visualization of tissue ischemia and, more particularly, to an
instrument and method for the real-time visualization of

tissue ischemia.

BACKGROUND OF THE INVENTION

There are many clinical settings where the oxygen content
of large areas of tissue is needed to help in identifying and/or

. monitoring and treatment Of area_-of healthy, diseased or
identificationdead tissue. Real-time ' " of ische_c tissue will

provide valuable information to a surgeon before and_after
operating on an organ. A real-time visual representation of
ischemic tissue will also guide the surgeon in the selective
removal of severely burned skin. Healthy tissue is retained

increasing chances of survival, increasing the rate of cure
and decreasing the overall period of convalescence. During
surgery on an organ, areas of the tissue of the organ can
become ischemic. The ischemic areas could be treated

instantly if they could be localized.
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STATEMENT OF THE PRIOR ART

Ischemic tissue can be identified by determining the ratio
of deoxyhemoglobin to'o_xyllemog]ob]n"m t_ bl-o_ oil-the

tissue. Currently, determination of the deoxy/
oxyhemoglobin content of blood involves in-place monitors,
followed by time delayed analysis in a laboratory of Doppler

oximetry. This technique does not provide results quickly
enough to be used during surgery or treatment of ischemic
tissue.

Other systems for determining oxygen content of blood

have been disclosed in the prior art.

Taboada, et at. disclose a device that uses a la,ser to

illuminate tissue and then calculates blood oxygen from the

reflected light at three different illumination wavelengths.

Imaging is through a slit lamp microscope.

Tchang does not disclose imaging. A photometer deter-
mines the oxygen content of blood at 805 and 605 rim.

Tchang's method appearsto requitea blood sample.

Frey disclosesan apparatusfordeterminingthehemoglo-

bin contentof blood using spectralanalysisin a predeter-
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mined range. The technique requires a blood sample. The

technique only works in absorption, which means it cannot
be used for reflection imaging; i.e., requires illunfination

source behind sample. Absorption measurements are funda-

5 mentally different from reflection measurements. One has to

use scattering theory to transform an absorption spectrum
into a reflection one.

Cheung, et al. is a refinement of pulse oximetry, a current
standard technique that uses a clip-on device for fingers or

lo ears. Pulse oximetry, widely used, does not provide any

imaging information and also uses transmitted light. A

feedback control system is responsive to light at two differ-

ent wavelengths and is used to measure the oxygen content

of hemoglobin in an oximetry system.

15 Lundsgaard is an analytic laboratory instrument for blood

samples. The concentration of various blood components are

determined using a number of spectral wavelengths.

RicharcLs-Kortum, et al. is for optical spectroscopy of

20 cancers and dysplasias. This is a new approach to tissue
pathology for in situ detection of rumors. This patent is
focused on cancer detection.

Oppenheimer and Paz both require blood for analysis.

Oppenheimer in particular works on circulating blood, as in

a dialysis patient.

STATEMENT OF THE INVENTION

The invention provides real-time visualization and local-

ization of ischemic tissue within a larger area of tissue by

30 imaging with a white light source. The technique utilizes the

spectral signatures of deoxy/oxyhemogiobin and oxyhemo-
giobin. The technique is non-invasive, does not require

contact with tissue and yields local information concerning
the blood oxygen content of regions of the tissues. The

35 invention provides a means for easily localizing and imaging

specific organs providing real-time feedback during surgery
and treatment.

A real-time display of tissue ischemia according to thts

invention comprises three Charge Coupled Device (CCD)
40

video cameras, each with a narrow bandwidth filter at the

correct wavelength. The cameras simultaneously view an

area of tissue suspected of having ischemic areas through

beamsplitters. The output from each camera is adjusted to

give the correct signal intensity for combining wi$ the
45 others into an image for display. If necessary, a digital signal

processor can implement algorithms for image enhancement
prior to display. Current DSP engines a_ fast enough to give
real-time display. The detector can also be a single CCD

--w;i-_-_ree ]iftered _weas pro vii]_ig-_p_--_te colored images
50

on the detector. The filtering can be inta'oduced as part of the

optical imaging or directly in front of the CCD.

Measurement at three wavelengths, combined into a real-

time RGB video display with a digital signal processing

55 (DSP) board to implement image algorithms, provides direct
visualization of ischemic are_.

This invention can be used in any medical application

requiring monitoring of blood oxygen or vasculatization.

Some specific applications are the localization and monitor-

60 ing of burned areas of skin and other organs; monitoring

blood flow of transplanted organs, especially the kidneys;

localization of ischemic parts of organs for surgical

resection, and diagnosis and monitoring of inflammatory
bowel disease.

65 These and many other features and attendant advantages ....

of the invention will become apparent as the invention
becomes better understood by reference to the following
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detailed description when considered in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic-block illustration of the system of
the invention:

FIG. 2 is a hemoglobin algorithm with peak-to-valley

plotted against percent oxyhemoglobin; and

FIG. 3 is a blood spectra of blood samples containing 60%

hemoglobin and 40% deoxyhcmoglobin.

DETAILED DESCRIPTION OF THE

INVENTION

Referring now to FIG. 1, the real-time ischemic display

system 10 of the invention includes 3 Charge Coupled

Device (3CCD) video cameras 12, 14, 16. The cameras

simultaneously view an area 15 on a sample of tissue 18

through optics 20. The sample is illuminated with broad

band. unc011imated fight source. The fight 36 reflected from

the sample 18 can be directed to the cameras 12, 14, 16 by

a series of beam splitters 22, 24, A narrow bandwidth filter
28 at 542 tun is positioned in front of the first camera 12. A
second narrow bandwidth 556 nm filter 30 is positioned
before camera 14 and a third narrow bandwidth 576 run filter

32 is positioned in front of camera 16.

The filters are selected b_don the absorption charac-
teristics of oxybemogiobin and deoxyhemoglobin. Referring

now to FIGS. 2 and 3, oxyhemoglobin has absorption peaks

at 542 nm and 576 rim, while deoxyhemoglobin has an

absorption peak at 556 rim. As the oxyhemoglobin is con-
vetted to deoxyhemoglobin, the 542 nm and 576 nm peaks

are depressed and the feature at 556 nm appears. There is

another minimum in the oxyhemoglobin spectrum at 660
rim. Simultaneous color images at 542, 556 and 576 nm can
be combined to enhance the spectral contrast between

deoxyhemoglobin and oxyhemogiobin, thus _viding a
direct image of the tissue sample that shows relative blood

oxygen content. This false color image, combined as a
multicolor image such as red-blue-green (RGB) image, is

displayed on a monitor 40. For example, the red zones could

depict tissue zones of high oxygen content, blue zones could
depict zones of very low oxygen content and green zones

represent no oxygen present in the tissue. If necessary, a

digital signal processor 42 can be utilized to process the
signals 44, 46, 48 from the 3 cameras 12, 14, 16 before being

fed to the monitor 40. Digital signal processing at 200-300

megahertz provides high speed numerical compilation for
imaging. A variable amplifier SO, 52, 54 can be interposed
between each camera 12, 14, 16 and the monitor 40.

The DSP 42 can interpret algorithms for image enhance-
ment before the image is displayed on monitor 40.

The algorithm for hemoglobin as percent oxyhemoglobin
is illustrated in FIG. 2. The three wavelengths _ _, k3 that

are shown in FIG. 3 can be used to provide the following
algorithms for mapping relative blood oxygenation. The
algorithm calculates each pixe! valu_ as a measure of
relative oxygen. A representative algorithm is as follows:

The algorithm measures the peak-to-valley rati0-at g, as

follows:

)., and _._ define a line given by S(_,)=m_+b (as shown in
FIG. 2)

m=S (_., b--S (_,.0/(ki-_3)

b=S (k,_m*_,t

where S(_.) is the signal at any wavelength.

4
One mexsure of the relative amount of oxyhemoglobin

and deoxyhemoglobin is the depth of the valley at __, which
can be determined as follows:

PV--S( g.z.)-mL,_-b

5 PV can go negative, but still tracks the oxy/deoxy ratio as
shown in FIG. 2.

The sys!¢m of the invention provides real time processing
and visualization of a sample of tissue as a 3 color image

representative of blood oxygen content of the tissue. The

l0 system can be utilized to visualize the blood in arteries
which usually have an oxygen content of about 90% or veins
which usually have an oxygen content of about 70%.

It is to be realized that only preferred embodiments of the
invention have been described and that numerous

substitutions, modifications and alterations are permissible

15 without departing from the spirit and scope of the invention

as defined in the following claims.
We claim:

1. A method of displaying a multicolor map image con-

taining at least 3 distinct colors, a first color representing

20 high oxygen content, a secondcolor representing low oxy-
gen content and the third color representing absence of
oxygen in an area of viewed animal tissue comprising the

steps of: - "

.,5 illuminating the area with a non-collimatecL broad band
fight source containing 3 preselected wavelengths, two

of the wavelengths being absorption peaks of oxyhe-
moglobin and one of the w_e elelelengthSbeing an abs0t]a-

tion peak of deoxyhemoglobin;

30 filtering an image reflected from the area through a set of
three narrow band filters to filter fight at the three

preselected wavelengths to provide three distinct image
signals, each having an intensity;

processing the three distinct image signals into a com-
35 posite three color video image signal representative of

relative blood 0xygen content throughout the area of
tissue; and

displaying the composite signal on a video color monitor

as said multicolor map image.
40 2. A method according to claim 1 further including

step of storing the composite signal on a video signal

recording medium. ....
3. A method according to claim 1 further including the

step of processing the three distinct image s_g,iiais in a digital

45 signal processor to form said composite signaL
4. A method according to claim 3, further including the

step of controlling the intensity of each of the three, distinct,

image signals before processing the three, distinct, image
signals in the digital signal processor.

50 5. A method according to claim 1, in which the reflected

image is filtered at presetected wavelengths at 542 rim, 576

nm and 556 nm, respectively.
6. A method according to claim 1 in which the area

imaged has a dimension of at least 0.5 cm'-,
55 7. A method according to claim 1, in which the

distinct colors are red, blue and green indicative of high,

moderate and low blood oxygen content, respectively.

8.A method according to claim 1, in which the animal is

_: -_:-A sysiem for displaying*fmuTficolor_map h_e

corita]-nlngffit_t_bq6/repie_iit|iag_gK-oxygen c_ni_iiLa

second colorrepresentinglow oxygen contentand a third

colorrepresentingabsence of oxygen in anna of viewed

animal tissuecomprising in combination:

means for illuminatingthe area of the tissuewith a

non-colfimatedlightsource containing3 preselected

wavelengths;



6,083,158

5
optic means for viewing an image of the area reflected

from the illuminated area; +

means for filtering the viewed image at a first of the

preselected wavelenU,.hs indicative of peak absorption
of oxyhemoglobin to develop a first image signal;

means for filtering the viewed image at a second of the

preselected wavelengths indicative of peak absorption
of oxyhemogiobin to develop a second image signal:

means for filtering the viewed image at a third of the

preselected wave!engths indicative of absence of
deoxyhemoglobin to develop a third image signal, and

video means for processing the first, second and third

image signals into three video image signals in said
three colors; and

L

|0

6
means for displaying the video image signals as said

multicolor map image.

10. A system according to claim 9, further including an

aperture device having a minimum aperture permitting

reflection of an image of the tissue of an area of at least 0.5

cm 2,

11. A system according to claim _, in which the first and

second wavelengths are at 542 nrn and 5"16 nm and the third

wavelength is at 556 nm.

12. A system according to claim 9, in which the first,

second and third colors are red, blue and green, respectively.

_+
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